요약. 새로운 착물인 cis-[Mo2O3(Hapdhba)2], trans-[UO2(Hapdhba
INTRODUCTION
Schiff-bases are important class of ligands in coordination chemistry. They have a variety of applications in biology and analytical fields. 1 A large number of Schiff-base complexes have been studied because of their interest and important properties, e.g., their ability to reversibly bind oxygen, 2 catalytic activity, [3] [4] [5] transfer of amino groups, 6 complex formation ability towards toxic metal ions 7 and photo-chromic properties. 8 This report is a continuation of our research program in the coordination chemistry of Schiff-base complexes. We have early reported the chemistry of Schiff-base derived from salicylaldehyde and 3-aminopropyltriethoxysaline complexes and their applications in catalytic epoxidation of olefins. 5 The interaction of Schiff-bases derived from 2-hydroxybenzaldehyde moiety and primary amines, especially amino acids with Ru(II), Mn(II), Mn(III), UO 2+ and VO2 + have been reported. 4, 9, [10] [11] [12] It is known that, pyrimidine moeity is present in nucleic acids, several vitamins, coenzymes and antibiotics 13 and act as valuable substrates in the synthesis of antitumour agents. 14 The most efficient acid inhibitors in cleaning solution for industrial equipments are organic compounds that mainly contain O, N, S and multiple bonds through which they are adsorbed on metal surface. Schiff-bases have great inhibition efficiency due to the presence of the azomethine (-N=C) group in the molecule. 15 Some Schiff-bases have been reported as corrosion inhibitors for steel, copper and aluminium. [15] [16] [17] In this study, we have synthesized new complexes of Schiff-base derived from 2-aminopyrimidine and 2,4-dihydroxybenzaldehyde. These complexes have been charac-2-Aminopyrimidine 및 2,4-Dihydoxybenzaldehyde 치환체인 Schiff-염기의 전이금속 착물에 대한 합성 및 특성 그리고 부식방지에의 응용 403 2010, Vol. 54, No. 4 terized on the bases of elemental analyses, spectral (IR, 1 H NMR, electronic and mass), conductivity, magnetic and thermal measurements. In addition, we report the inhibitive properties of H2apdhba towards the corrosion of copper in acidic media using potentiodynamic polarization method.
EXPERIMENTAL SECTION Materials
All manipulations were performed under aerobic conditions using materials and solvents as received. [Pd(bpy)Cl2], 18 was synthesized as previously reported.
Elemental analyses (C, H, N, Cl) were performed by the Micro Analytical Unit of Cairo University. Magnetic moments at 25 o C were recorded using a Johnson Matthey magnetic susceptibility balance with Hg[Co(SCN)4] as calibrant. IR spectra were measured as KBr discs on a Matson 5000 FT-IR spectrometer. Electronic spectra were recorded using a Unicam UV2-100 U.V.-vis. Spectrometer. 1 19 The geometry optimization was carried out with the DFT method with the use of Becke-style three parameter functional 20 and Lee B3LYP functional. 21 The polarization measurements were carried out using AC signals of amplitude 10 mV peak to peak at open circuit potential in the frequency rang 10 -5 Hz to 0.5 Hz by using Potentiostata/Galvanostata (Gamry PCI 300/4) and a personal computer with EIS 300 software for calculations.
Preparation of H 2 apdhba
The Schiff-base, H2apdhba, was synthesised by the condensation of ethanolic solutions of 2-aminopyrimidine (0.095 g, 1 mmol) and 2,4-dihydroxybenzaldehyde (0.138 g, 1 mmol) in presence of drops of glacial acetic acid. The orange product was filtered off during hot, washed with ethanol, diethyl ether and dried in vacuo. Elemental Anal. Calc. for C 11 H 9 -N3O2: C, 61. 
Electrochemical polarization method
Cylindrical wire of copper (99.74% purity) was used as working electrode. The role was sealed to a glass tube with Araldite. The electrodes were ground to 600-grit finish, rinsed with water, degreased in alkaline mixture washed with bidistilled water and finally dried. This insured constant crosssectional area would be exposed to the solution through the experiments. The exposed area was polished with different emery papers in the normal way starting from coarser to finer followed by ultrasonically degreasing in alkaline solution and finally washing with bidistilled water, just before insertion in the electrolytic cell. 15 The electrochemical measurments were carried out using pure copper thin, dipped on 0.5 M HCl in present and absence of H2apdhba. The working electrode was the pure copper thin sheet rod embedded with an exposed area of 0.5 cm 2 . A rectangular platinum foil was used as the counter electrode. The area of the counter electrode was much larger compared to the area of the working electrode. This will exert an uniform potential field on the working electrode. Saturated calomel electrode (SCE) was used as reference electrode. 15 In the polarization cell, 100 cm 3 of H2apdhba (3 × 10 -6 , 5 × 10 -6 , 7 × 10 -6 , 9 × 10 -6 molL -1 ) was used. The working electrode was polished with a fine grade emery papers and followed by ultrasonically degreasing with alkaline solution. The working and the reference electrodes were assembled and necessary connections were made with the instrument. was noted. The potentiodynamic current-potential curves were recorded by changing the electrode potential automatically from -1500 to 500 mV with scanning rate 5 mVs -1
. All the experiments were carried out at 25 ± 1 o C using ultra circulating thermostat.
RESULTS AND DISCUSSION
The experimental section lists some new complexes of Schiff-base derived from 2-aminopyrimidine and 2,4-dihydroxybenzaldehyde (H2apdhba). The elemental analyses of the isolated complexes agree with the assigned formulae. The molar conductivities (ΛM) in DMSO at room temperature showed all the complexes to be non-electrolytes except the complex [Pd(Hapdhba)(bpy)]Cl, which is (1:1) electrolyte. 22 The A point of synthetic interest is the fact that the sequences of reagent addition in most procedures are critical. The complexes are microcrystalline or powder-like, stable in the normal laboratory atmosphere and partially soluble in DMF and DMSO. We had hoped to structurally characterize one of the complexes by single X-ray crystallography, but were thwarted on numerous occasions by very small crystal dimensions. Thus, the characterization of these complexes was based on physical and spectroscopic techniques.
Computational details
DFT calculations were performed with the GAUSSIAN 03 program package. 19 The geometry of the Schiff-base, H2-apdhba, was optimised by the DFT method with the B3LYP functional. 20, 21 The optimized geometrical parameters of H 2 -apdhba are gathered in Table 1 . Fig. 1 shows that the aromatic and pyrimidine rings are nearly planar to each others. Also, The conformation I (cis, 2-OH to N=CH) is more stable than conformation II (trans, 2-OH to N=CH) and the energy difference ∆E = 12.4 Kcalmol -1 (4330 cm -1 ). The potential function governing the conformational interchange between the two conformers is observed in Fig. 2 . Also, the calculated charge densities on the active centers showed that the oxygen (2-OH) and nitrogen (N=CH) centers are the accessible for interaction with the metal (without interaction from the pyrimidine cyclic nitrogen and 4-OH centers). The calculated charge densities contour values indicated that these two centers having the highest charge densities in the molecule (The N-atom of the N=CH group has high charge density comparable to the pyrimidine ring cyclic nitrogen centers). Moreover, the spacing distance between the hydrogen of 2-OH and nitrogen of N=CH is 1.713 Å, i.e., may leave the 2-OH group free.
Infrared spectra
The solid-state properties of the Schiff-base (H2apdhba, Fig. 3 ) were examined by IR spectroscopy. The spectrum was compared with those of the complexes. Tentative assignments of selected IR bands are reported in the experimental section. The spectrum of H2apdhba exhibits a strong band at 1622 cm -1 which is characteristic of ν (HC=N) group. It is expected that coordination of the nitrogen centre to the metal ion would reduce the electron density in the azomethine link and thus shifted the ν (HC=N) to lower wave numbers. 3 In the IR spectra of the complexes, this band is shifted to the region at 1605 -1612 cm -1 . 3, 23 An intense band at 1229 cm -1 in the free H2apdhba has been assigned to the phenolic ν (C-O) stretch. In complexes, this band is shifted to higher frequencies, indicating the coordination of H2apdhba through the deprotonated phenolic (C2-O -). 24 These data has been further supported by the disappearance of the broad band at 3387 cm -1 attributed to ν (2-OH); the deprotonation occurs prior to coordination. The band at 3217 cm -1 in the H2apdhba due to ν (4-OH) stretch is unaffected by coordination. 11 In the free H2apdhba, strong bands at 1575 and 1560 cm -1 , attributed to the non-aromatic pyrimidine ring ν (C=C) and ν (C=N) stretches, respectively, 14 are not affected upon complexation. This feature was expected from the DFT quantum calculations. Also, in the spectra of [Pd(bpy)(Hapdhba)]Cl (Fig. 4) units and the {O2Mo-O-MoO2} 2+ core. 27 The IR bands at 926
and 901 cm -1 are assigned to the ν s (MoO 2 ) and ν as ( MoO 2 ) modes, respectively. The appearance of two stretching bands is indicative of the cis configuration. 26 The strong IR band at 745 cm -1 is assigned to the νas (Mo-O-Mo) mode indicating the presence of a µ-O 2-group. 26 The IR spectrum of [UO2 (Hapdhba)2] exhibits only one U=O stretching band, i.e. νas (UO 2 ), at 925 cm -1 indicating its linear trans-dioxo configuration. 28 The νs (UO2) mode appears as a very weak peak at 909 cm ') and H(6'), respectively (see Fig. 3 for numbering scheme). The protons of the hydroxy groups appear as broad singlets at δ 12.20 (2-OH) and 11.01 (4-OH) ppm. 30 In the 1 H NMR spectra of the complexes, the resonance arising from the hydroxyl (2-OH) proton is not observed, indicating the replacement of the hydroxyl proton by the metal ion. 30 The signal due to the azomethine proton (-HC= N) is found to be considerably deshielded δ > 10.05 ppm relatively to that of the free H2apdhba (δ = 9.94 ppm) as a consequence of electron donation to the metal centre. 31, 32 The resonance arising from H(3) and H(6) shift to higher field to a great extent than the others, probably owing to a decrease in the electron density in the aromatic ring more than the pyrimidine one upon complexation. 30 In the 1 H-NMR spectrum of [Pd(bpy)Cl2], the bpy protons experience downfield shifts as compared to the free bpy protons. 25 In the 
Electronic Spectra
The solution electronic spectra of H2apdhba complexes were recorded in DMSO and EtOH in the 200 -800 nm range. Transition below 400 nm are assigned to intra-ligand charge transfer (n → π*) and (π → π*). The electronic spectra of the complexes contain intense bands due to ligand to metal charge transfer (LMCT) and weaker bands assigned to d-d transitions. 34 The electronic spectrum of the diamagnetic [Rh(Hapdhba)2 Cl(H2O)] complex displays bands at 590, 500 and 393 nm which resemble those of other six-coordinate Rh(III) complexes and may assign to -dπ) ) nm. 26, 35 This feature is attributed to a low-spin octahedral geometry around Ru(II). Similar spectral data are reported for [Ru (YPh3)2(Hcdhp)2] (Y = P, As, Hcdhp = 5-chloro-3-hydroxy-2-pyridinone)complexes 35 and [Ru(PPh3)2(apc)2] (ap = 3-aminopyrazine-2-carboxylic acid). 26 In the electronic spectrum of [Mo2O5(Hapdhba)2], 2+ displays bands at 450 and 360 (shoulder) nm, the later band is assigned to O 2-→ Mo VI (p-d transition) and is characteristic of the MoO2 2+ moiety in octahedral geometry. 5 The electronic spectrum of trans-[UO2(Hapdhba)2] shows two bands at 463 and 410 nm may be due to Σg 1+ → 2 πu and n → π* charge transfer, respectively. 33, 35 the electronic spectrum of [Ag(bpy)(Hapdhba)] shows bands at 445 and 360 nm; the latter one may arise from charge transfer of the type ligand (π) → b1g (Ag + ) and ligand (σ) →b1g (Ag + ), respectively, in a typical distorted square planar environment around the metal ion. 14 The electronic spectra of the diamagnetic palladium(II) complexes show square planar environment around Pd(II). (Fig. 6) . The intra-molecular hydrogen bonding between N1' (pyrimidine) and H (in coordinated H 2 O) stabilizes the trans one.
The optimized geometry parameters are reported in Table 2 . The calculated charge on the palladium atom (0.863) is considerable lower than the formal charge +2. It may come from the charge donation from the water oxygen, chloride and Hapdhba ligands. The charges on Cl and Hapdhba {O(2) and N=CH} are significantly smaller than -1 (for both). This feature confirms the higher electron density delocalization from the donor atoms to Pd(II) centre. ). The cathodic reaction on copper electrode was inhibited in the presence of H2apdhba, which was found to affect the cathodic reaction more than the anodic one. 15 This feature is due to the effect of the inhibitor which retards the hydrogen evolution reaction. 15, 37 The electrochemical corrosion parameters, i.e., corrosion potential (Ecorr), cathodic and anodic Tafel slopes and corrosion current (Icorr), obtained by extrapolation of Tafel lines, are reported in Table 3 . The inhibition efficiency, η p , was calculated from the equation; ηp = [(Io -I)/Io] × 100
Thermal analysis
Where Io and I are the corrosion current densities in absence and present of inhibitor, respectively. 
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It is clear that the Schiff-base, H2apdhba, acts as effective inhibitor. The corrosion inhibition of copper metal is increasing as the inhibitor concentration increase. The maximum inhibition efficiency (85.05%) was obtained at a concentration of 9 × 10 -6 molL -1 of H2apdhba.
